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D scription 

I. FIELD OF THE INVENTION 

[0001] The present invention relates to display devic- 
es and, more particularly, to high efficiency polarizers in 
applications such as active matrix liquid crystal (LC) dis- 
plays. 

II. BACKGROUND OF THE INVENTION 

[0002] In the prior art, the brightness of a liquid crystal 
display (such as a computer terminal screen) has been 
adversely affected by absorptive elements in the optical 
path. For example, the front and rear polarizers in a con- 
ventional twisted nematic liquid crystal display assem- 
bly can absorb more than two thirds (2/3) of the overall 
luminance emitted by the backlight. Display brightness 
can be enhanced by ensuring that more light is trans- 
mitted, either by increasing the backlight intensity or re- 
ducing the amount of light lost in the absorptive ele- 
ments. 

[0003] Increasing the backlight intensity has the major 
drawbacks of higher power dissipation (leading to short- 
ened battery life for portable equipment) and shortened 
backlight bulb life. Although power dissipation and bat- 
tery size and life are ever present challenges, the prior 
art fails to consider a closer examination of the absorp- 
tive elements in backlit "direct view" liquid crystal display 
applications, i.e. computer screens or televisions, with 
the goal of reducing the absorption conventional polar- 
izers are made from stretched polyvinyl alcohol films 
containing iodine (or a dye if color is desired) between 
layers of cellulose acetate, attached to a glass surface 
with an acrylic adhesive and covered by a layer of plas- 
tic. Transmission does not exceed 40%, efficiency is lost 
over time, and polarizers are an expensive component 
in the manufacture of LCDs. According to the present 
invention, in a direct view application (such as a com- 
puter or television screen), the conventional rear polar- 
izers are replaced with a high efficiency, non-absorptive 
chiral nematic liquid crystal polarizer whose transimis- 
siveness is substantially greater than the absorptive po- 
larizers of the prior art. 

A. Liquid Crystal (LC) Polarizers 

[0004] The concept of liquid crystal devices (LCDs) 
as display elements is familiar. The effect of electrical 
current through an LC display element backlit with po- 
larized light produces the well-known "black line seg- 
ments" which are featured in everything from digital 
watch displays to laptop computer screen text. By con- 
trast, the application of a liquid crystal as a polarizer is 
not at all familiar or common. Before discussing the 
scant prior art which discusses liquid crystal polarizers, 
an overview of the characteristics of cholesteric liquid 
crystals (CLCs) is necessary to provide a basis for illus- 



trating the present invention. 

B. Choi st ric Liquid Crystal (CLC) Polarizers 

s [0005] Cholesteric liquid crystals (CLCs) are a class 
of liquid crystals exhibiting unique optical properties. 
Cholesteric liquid crystals were originally so named be- 
cause the substances in which the pattern of molecular 
ordering was observed were related to cholesterol, 
10 hence "cholesteric". The more descriptive terminology 
for this class of liquid crystal is "chiral nematic". "Chiral", 
meaning "twisted", and "nematic", meaning "thread", 
succinctly express the gross appearance of the molec- 
ular orientations: like twisted threads. Popular and tech- 
15 nical literature still frequently refer to the class by its ear- 
ly name. For the purposes of this discussion, however, 
the terms "choJesteric"or "chiral nematic" liquid crystal 
or "CLC" or "CNLC" will be used interchangeably, with 
the intention that each term be understood to include 
20 the entire class of chiral nematic liquid crystals. 

[0006] The distinct helical molecular ordering imparts 
CLCs with several notable optical properties. First, 
CLCs are virtually non-absorptive. Light hitting a CLC is 
either transmitted or reflected. Second, CLCs exhibit cir- 
25 cular dichroism for certain wavelengths of light. By way 
of explanation, consider the concept of polarization. 
While it is familiar to most to consider light as being ei- 
ther horizontally or vertically (linearly) polarized it is use- 
ful and viable to alternatively conceptualize light as corn- 
so posed of two possible circular polarizations - right and 
left. Light can thus be conceived of as composed of 
righthanded and lefthanded circular polariations. A chi- 
ral nematic liquid crystals allows wavelengths of light 
that are significantly longer or shorter than the mean re- 
35 tractive index of the liquid crystal multiplied by its pitch 
(the distance in which the liqu id crystal molecular helical 
structure completes one complete twist) to simply pass 
through the liquid crystal. For wavelengths of light that 
are at or near the product of refractive index and the 
40 pitch, however, the interaction of the chiral nematic liq- 
uid crystal structure and the light's circular polarization 
is much like twisting a nut onto a screw. Light of the same 
polarization sense or handedness passes easily, like a 
right handed nut easily screws onto a right handed 
45 screw. However, light of the opposite polarization is re- 
flected. This phenomenon of "selective reflection" as 
well as the characteristic non-absorption accounts for 
the virtual fifty percent transmission of incident light with 
a wavelength equal to the CLC pitch multiplied by the 
50 material refractive index. 

[0007] This effectively optimal percentage of transmit- 
ted circularly polarized light is avast improvement to the 
ultimate brightness of the active matrix liquid crystal dis- 
play since it is only polarized light which eventually con- 
55 tributes to the screen images displayed to the viewer. 
[0008] The band of light wavelengths subject to circu- 
lar dichroism is a characteristic of the material used in 
the CLC polarizer, and is referred to as the device's 
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2. Monomer Projection polarizers 

[0018] While polymer chiral nematic crystals ("CN- 
LC") are discussed in the literature, for example in the 
article by R Maurer, et al., in the SID 90 Digest, pages 
110-113, which discloses the use of cholesteric LC-Sil- 
icones in polarizing filters, they have not been associat- 
ed with display applications. Recent literature discusses 
application of monomer chiral nematic liquid crystal de- 
vices in a projection system such as might be suitable 
for high definition television. (Schadt, Martin and Funf- 
schilling, Jurg, "Novel Polarized Liquid Crystal Color 
Projection and New TN-LCD Operating Modes" SID 90 
DIGEST p. 324-6). Schadt and FQnfschilling describe a 
system which uses three narrow bandwidth monomer 
LC polarizers tuned to red, green, and blue, respective- 
ly, to generate the projection display colors from the 
white display backlight. Id. 

[0019] In another article by Schadt and FQnfschilling 
in the Japanese Journal of Applied Physics, Volume 29, 
No. 10, October 1 990, pp 1 974-1 984, titled "New Liquid 
Crystal Polarized Color Projection Principle", a projec- 
tion system is disclosed. This projection system in- 
cludes a light source, a cholesteric filter adjacent the 
light source and a rear mirror adjacent the light source 
and for reflecting light from the light source. Polarized 
transmission occurs in the cholesteric filters only over a 
limited bandwidth. Adjacent the cholesteric filter is a 
quarter wave plate for converting circularly polarized ra- 
diation so linearly polarized radiation, adjacent which is 
an LCD. 

[0020] The current invention deals not with projection, 
but with a direct view device, and employs a polarizer 
composed of broadband polymer chiral nematic liquid 
crystal devices, as opposed to monomer liquid crystals. 
[0021] Hence, the invention herein disclosed is re- 
markably different from any device to date. Monomer 
liquid crystal devices typically have polarization (notch) 
bandwidths (usually less than 20 nm). The system de- 
scribed by Schadt supra) uses three narrow bandwidth 
chiral nematic liquid crystal polarizers, tuned to red, 
green and blue, to generate the projection display colors 
from the white display backlight. 
[0022] The invention herein discloses a device utiliz- 
ing one or more polymer liquid crystal films, each of 
which has a broad bandwidth and, consequently, prop- 
erly arranged, can create a film which transmits the en- 
tire visible spectrum (450nm to 650nm). 
[0023] Moreover, the disclosed direct view application 
differs significantly from the prior art projection devices. 
The projection device used by Schadt was, arguably, 
suitable for viewing because the light through the mon- 
omer chiral nematic liquid crystal polarizer is collimated 
(i.e. in parallel beams). This had the practical effect of 
producing a projected image which appeared fairly sta- 
ble to the viewer. 

[0024] A monomer liquid crystal is unacceptable as a 
rear polarizer for a direct view display, such as computer 



terminal. Because the polarization "notch" is a function 
of viewing angle, in a narrowband monomer LC polariz- 
er for direct view, the polarizer notch(es) would appear 
to shift at the slightest position change of the viewer and, 

s consequently, the polarization efficiency at the wave- 
length emitted by the backlight would suffer and the con- 
trast of the computer screen would be markedly re- 
duced, depending upon the viewer's position. Two per- 
sons watching the same computer game, for instance, 

10 would each see different image quality since they each 
experience different viewing angles. This so limits the 
usefulness of a direct view color display that monomers 
are not candidates for polarizers in a LC direct view dis- 
play. 

15 [0025] The polymer liquid crystal disclosed heroin is 
free of this serious shortcoming because it has a broad- 
er bandwidth and produces an achromatic display that 
does not shift in color as the viewer changes viewing 
angle. Thus, two persons playing a computer game on 

20 an assembly employing the herein disclosed invention 
would each see similar quality. 

Hi. SUMMARY OF THE INVENTION 

25 [0026] The current invention concerns the use of 
broadband polymeric chiral nematic liquid crystal ("CN- 
LC) films as high efficiency polarizers in liquid crystal 
displays ("LCDs") and similar applications. 
[0027] According to the present invention, there is 

30 provided an optical assembly as specified in claim 1. 
Some preferred features of the assembly are specified 
in the dependent claims. 

A. Polymer Chiral Nematic LC Polarizer 

35 

[0028] According to the present invention, the con- 
ventional rear polarizer of a display device is replaced 
with a transmissible (i.e. non-absorptive) polymer chiral 
nematic LC polarizer. The polymer chiral nematic LC po- 

40 larizer is virtually 100% transmissible and the wave- 
lengths of light in the "notch" bandwidth are transmitted 
as right or left-handed circularly polarized light. Only one 
"handedness" of light is transmitted in the notch band- 
width; the non-transmitted light is not absorbed but re- 

45 fleeted back to the rear reflector backlight housing with- 
out reversal of polarization (e.g. incident left-handed 
light is reflected as left-handed light). Light reflected on- 
to the backlight housing is re-reflected with a portion un- 
dergoing a which has reversed its "handedness" in this 

50 manner is then the proper orientation for transmission 
and passes through the polarizer. 
[0029] Thus, a portion of the light is then retransmitted 
through the chiral nematic LC polarizer; light which is 
not transmitted is re-reflected a second time. The proc- 

55 ess repeats until a very high percentage of light is even- 
tually transmitted through the CNLC rear polarizer. De- 
spite the multiple reflections light may undergo before it 
passes through the rear polarizer, very little light is ac- 
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tually absorbed by the chiral nematic LC polarizer, es- 
pecially as compared with conventional polarizers 
[0030] Accordingly, one advantage of the current in- 
vention is increased net light transmission, leading to 
increased brightness and/or reduced power dissipation 
For many applications (e.g., portable equipment) addi- 
tional advantages include increased battery operation 
time and/or reduced battery weight. 
[0031] Prior art liquid crystal devices only polarized 
<ght within narrow wavelength band. High birefringence 
(An), broad polarization bandwidth (AX) liquid crystal 
polymers can be formulated by attaching chiral and 
nematic liquid crystal monomers to backbones from the 
methacrylate/acrylate class of polymers. Products of 
this process can polarize light across a broad spectral 
region, enabling a single element polymer cholesteric 
liquid crystal film to function as a wide band polarizer 
Practically speaking, this combination of physical and 
optical properties translates into smaller, lighter, brighter 
devices (e.g. full color portable televisions or computer 
screens). 

[0032] Alternatively, multiple polymer cholesteric liq- 
uid crystal films, can each be constructed with a lower 
birefringence material (An) (narrower polarization band- 
with (AX) and then could be layered to produce a finished 
composite film with broad bandwidth. For example 
three separate films, respectively tuned to the red green 
and blue spectral regions, can be overlaid to produce a 
broadband polarizer. This, too, produces a device that 
is smaller, lighter, and brighter than the prior art. 
[0033] As with prior art structures, polymer chiral 
nematic liquid crystal devices can be constructed using 
two glass substrates with the liquid crystal captured be- 
tween them. In the process of constructing such an as- 
sembly, the substrates are used as forming and aligning 
elements (the separation distance determining the film 
thickness) as wall as functioning as a support element 
to the thin polymer cholesteric liquid crystal film in the 
assembled device. For single substrate device fabrica- 
tion, the approach includes an initial assembly with two 
substrates and the liquid crystal between the two where 
one substrate is coated with a release film to allow its 
subsequent disassembly and removal from the liquid 
crystal. This leaves an assemblage consisting of the sin- 
gle remaining glass substrate and the liquid crystal pol- 
ymer film. 

[0034] For mufti-film systems, subassemblies could 
be integrated into a single assembly by bringing a pair 
of polymer chiral nematic liquid crystals films into juxta- 
position applying pressure, and heating to above the 
glass transition temperature (T g ) to allow the films to ad- 
here. Alternatively, a thin lamination layer (e g Ecogel) 
could be used as a bonding agent between films. One 
glass substrate pretreated with a release film enables 
its removal from the adhered films. The process can be 
repeated for a plurality of layers. Advantages of this 
combination include greater durability along with re- 
duced weight and bulk. 



B. Backlight Modifications 

[0035] In conjunction with the introduction of a chiral 
nematic liquid crystal rear polarizer as an element in the 
s otherwise conventional display assembly, modifications 
to the backlight housing may also increase transmission 
of light, thereby brightening the resulting display. While 
the first requirement of a backlight housing is that it be 
highly reflective, the housing's ability to preserve polar- 
ization sense (eg. through the use of a metallic reflector) 
optimally improve net transmission of the overall system 
when used with a chiral nematic liquid crystal rear po- 
larizer. v 

[0036] This is explained by considering the fact that 
light reflected by the chiral nematic liquid crystal polar- 
izer is circularly polarized. When re-reflected from a me- 
tallic backlight housing, the light has its sense of polar- 
ization reversed (e.g. assuming initially left-hand circu- 
Jar polanzation, then the reversal is from left to right- 
hand circularly polarized). Since the polarizer transmits 
right-handed polarized light (and reflects left-hand po- 
larized light), the re-reflected light is predominantly 
right-hand polarized as a resuft of the reversal and on 
a second pass, a larger proportion of the previously re- 
jected light is transmitted by the chiral nematic liquid 
crystal polarizer than would be the case if the light were 
randomly polarized. While some slight loss is inherent 
in each reflective cycle, increasing the light transmission 
with each cycle enhances the net transmission of the 
*> device. The backlight housing reflector also scavenges 
unpolanzed light which is transmitted in the wrong di- 
rection. s 
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IV. BRIEF DESCRIPTION OF t HE DRAWINGS 



[0037] A more complete appreciation of the invention 
and many of the attendant advantages thereof will be 
readily obtained as the same becomes better under- 
stood by reference to the following detailed description 
40 when considered in connection with the accompanying 
drawings, wherein: M 



Figure 1 shows the function of a cholesteric or chiral 

nematic liquid crystal polarizer, 

Figure 2, including 2A and 2B, 'illustrates the notch 

bandwith wavelength being transmitted through a 

chiral nematic liquid crystal polarizer. 

Figure 3 shows a conventional display assembly 

according to the prior art; 

Figure 4, including 4A and 4B, illustrates a display 
assembly according to the present invention; 
Figure 5 shows a prior art liquid crystal display cell 
with two supporting glass plates and a perimeter 
seal; 

Figure 6, including 6A and 6B, shows in detail a po- 
larizer using a polymeric chiral nematic liquid crystal 
useful in the present invention; 
Figure 7 shows a freestanding polymer chiral 
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nematic liquid crystal film suspended in a partial 
frame; and 

Figure 8 depicts a multifilm polymer chiral nematic 
liquid crystal polarizer with single glass supporting 
layer. 

V. DETAILED DESCRIPTION OF THE DRAWINGS 

[0038] Figure 1 illustrates the function of a cholesteric 
or chiral nematic liquid crystal polarizer. All electromag- 
netic radiation outside the notch polarization bandwidth 
is transmitted without absorption and without polariza- 
tion. Wavelengths in the notch polarization bandwidth 
are half transmitted as one-handed circularly polarized 
and half reflected as the opposite handed circularly po- 
larized light. The figure shows transmission of right hand 
circularly polarized light and reflection of left hand circu- 
larly polarized light. 

[0039] Figure 2 illustrates the notch polarization band- 
width of a cholesteric liquid crystal as a transmission 
plot. Light with wavelengths in the notch bandwith from 
V to V can be described as having circularly polarized 
components in both senses or handednesses. One pre- 
ferred "handedness", right or left, is transmitted and the 
other is reflected. Figure 2B illustrates the composite 
bandwidth of three polymer cholesteric liquid crystal 
films with effectively overlapping band widths. 
[0040] Figure 3 depicts a conventional prior art dis- 
play assembly 10 which consists of a light source 12, a 
rear reflector 14; a rear polarizer 16; a liquid crystal dis- 
play 18; and a front polarizer 20. Light emitted from the 
source 12 either is absorbed by the rear polarizer 16 or 
passes directly through the liquid crystal display 18. 
Thus, only the light that initially passed through the rear 
polarizer 16 reaches a viewer 22. A significant portion 
of the light is lost by absorption by the rear polarizer 1 6. 
[0041] Consequently, to keep the display screen 18 
bright, the light source 12 necessarily must consume 
more electrical power. In applications such as notebook 
size computers, this means significantly heavier batter- 
ies, shorter battery life, shorter backlight life, and in- 
creased weight. 

[0042] The invention taught herein, as depicted in Fig. 
4A, is an assembly 30 of a light source 12 which pro- 
vides the illumination of the display; a metallic, polariza- 
tion reversing rear reflector (backlight housing) 32; a 
rear polarizer 34 composed of a broadband polymer chi- 
ral nematic liquid crystal film; a device that converts cir- 
cularly polarized light to linearly polarized light, such as 
a quarter wave plate 36; the active (image forming) liq- 
uid crystal element 18; and the front polarizer 20. All of 
the elements are in an alignment normal to the viewing 
plane with the rearmost component being the metallic 
reflector 32 and the frontmost, the front polarizer 20. 
[0043] Light emitted from the source 1 2 is transmitted 
in large part by the broadband chiral nematic LC polar- 
izer 34, in the form of highly circularly polarized light, 
either left or right handed, but not both. Light oppositely 



polarized to that which is being transmitted is reflected 
to the backlight housing reflector 32 where it is re-re- 
flected. 

[0044] Of the re-reflected light, a portion will pass 
s through the chiral nematic LC rear polarizer 34 as cir- 
cularly polarized light and the remainder (light which is 
polarized opposite to that which is transmitted) will be 
re-reflected again from the reflector 32. As seen in Fig- 
ure 4B, this sequence of transmission of some light and 
10 re-reflection of the remainder is repeated until a high 
percentage of the light is eventually transmitted through 
the chiral nematic LC rear polarizer 34. 
[0045] After passing through the rear polarizer 34, the 
transmitted light encounters the quarter wave plate 36 
is which converts the circularly polarized light to linearly 
polarized light. The linearly polarized light then passes 
through the active liquid crystal dispaly (LCD) device 18 
and the front polarizer 20 before reaching the viewer 22. 
[0046] The polarized light is selectively rotated by the 
LCD (on a pixel-by-pixel basis), under control of an elec- 
trical signal, so that it is either in line with, or orthogonal 
to, the front-polarizer transmission axis. Light which is 
transmitted through the front polarizer 20 is perceived 
by the viewer as the bright portion of the display. Non- 
transmitted light is absorbed by the front polarizer and 
forms the dark portions of the display image. Since the 
polymeric chiral nematic liquid crystal 34 polarizes and, 
hence, transmits light of the entire visible spectrum, the 
display can be filtered (on a pixel-by-pixel basis) to cre- 
ate full color images. 

[0047] The material for the chiral nematic liquid crystal 
rear polarizer 34 should be chosen for high birefrin- 
gence since high birefringence results in broad band- 
width. Bandwidth is directly related to the visible spec- 
trum: a bandwidth of, for example, 250 nm, with a central 
notch wavelength in the center of the visible range (i.e. 
in the neighborhood of 525 nm) is sufficient to transmit 
light of the entire visible spectrum. 
[0048] The polychiral nematic liquid crystal used in 
the assembly of the present invention as a notch polar- 
ization bandwidth sufficient to allow transmission of cir- 
cularly polarized light within a 100 nm to 250 nm wide 
band. 

[0049] Materials which form polymer chiral nematic 
liquid crystals can have birefringence high enough, and, 
consequently, bandwidth broad enough, to transmit the 
entire visible spectrum. One class of materials which 
has demonstrated these high birefringence characteris- 
tics is derived from cyanotolane and (S) - (-) - (1 ) - phe- 
nylethanol. Thus, a single broadband/high birefringence 
liquid crystal film or a combination of films could polarize 
and transmit all visible wavelengths of light. 
[0050] Figure 5 illustrates the conventional, prior art 
monomeric liquid crystal apparatus 40. Since monomer- 
ic liquid crystals 42 are relatively low viscosity liquids, a 
monomer liquid crystal 42 needs to be fully captured by 
a cell consisting of two glass substrate layers 44 sand- 
wiching the monomer liquid crystal 42 and a perimeter 
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seal 46 which prevents leaking of the monom r liquid 
crystal 42. 

[0051] Figure 6, including Figures 6A and 6B, illus- 
trates the preferred embodiment of the invention taught 
herein, in particular as to the structure of a rear polarized 
50. In Figure 6A, the polymer liquid crystal 52 is initially 
formed into a film of desired thickness by two glass sub- 
strates 54, 56, respectively. Once formed, one of the 
glass substrates 56 can be removed, as in Figure 6B 
leaving a polymer film 58 supported by the remaining 
glass substrate 56. 

[0052] Figure 7 demonstrates the possible assem- 
blage 60 of a single freestanding polymer film 62 in a 
supporting framework 64. The concept of photographic 
film in the form of slides, i.e. film supported by the sur- 
rounding cardboard border frame, is useful to concep- 
tualize the arrangement. The commercial feasibility of a 
rear polarizer consisting of a freestanding broadband 
polymer chiral nematic LC film depends on other design 
parameters, but can be assembled to function as taught 
herein. 

[0053] Figure 8 illustrates yet another configuration 
70: multiple film layers 72, 74, 76 each of respectively 
different, moderate birefringence materials can be fused 
in order to achieve full spectrum transmission and a sin- 
gle glass substrate 78 can provide support as previously 
shown in Fig. 4. 

[0054] While multifilm polymer chiral nematic LC po- 
larizers can be freestanding, in light of present techno- 
logical constraints, it is advisable to retain at least one 
glass support substrate. In the case of multifilm polymer 
chiral nematic LCs, the elimination of pairs of glass 
plates and the edging which from the cells required for 
containing monomeric polarizers, results in a tremen- 
dous reduction in bulk. In portable (battery-operated) 
equipment, the weight savings can then be further in- 
creased by reducing the size of the battery, since the 
power is lessened by the increased transmission effi- 
cency. Alternatively, the power savings can be translat- 
ed into longer battery time. 

[0055] Thus, there has been shown and described a 
novel polarizer for a liquid crystal display By using pol- 
ymer chiral nematic liquid crystal with high birefrin- 
gence, one gets a broadband polarizer which transmits 
light without loss. Light outside the bandwidth is trans- 
mitted without polarization. Light within the bandwidth is 
transmitted as circularly polarized light, with virtually no 
absorption. 

[0056] A circular to linear polarizer (such as a quarter 
wave plate) applies the linearly polarized light within the 
selected bandwith to the LCD, which can selectively 
transmit or block that component in conjuction with a 
front polarizer. Other modifications and variations will 
occur to those skilled in the art. Accordingly, the breadth 
of the invention should be limited only by the scope of 
the claims appended hereto. 



Claims 

1 . An optical assembly (30) comprising: a light source 
(12); circular polarizing means in the optical path in 

s a first, forward direction; rear reflecting means (32) 
adjacent the light source (12) in a second rearward 
direction; converting means (36) for converting cir- 
cularly polarized radiation to linearly polarized radi- 
ation directly adjacent the circular polarizing 

to means; display means adjacent the converting 
means for converting linearly polarized light to a di- 
rect view display image; and polarization means 
(20) adjacent the display means for absorbing radi- 
ation not contributing to the direct view display im- 

15 age, characterised in that the assembly is a direct 
view assembly, and the circular polarizing means 
includes a polymer chiral nematic liquid crystal with 
a notch polarization bandwidth sufficient to allow 
transmission of circularly polarized light within a 1 00 

20 nm to 250 nm wide band. 

2. An assembly as claimed in claim 1 , wherein the pol- 
ymer chiral nematic liquid crystal comprises combi- 
nations of chiral and nematic liquid crystal mono- 

2$ mers attached to backbones selected from the 
methacrylate/acrylate class of polymers. 

3. An assembly as claimed in claim 2, wherein the 
combinations exhibit birefringence characteristics 

30 of cyanotolane and (s)-(-)-1 -phenylethanol. 

4. An assembly as claimed in any one of the preceding 
claims, wherein the circular polarizing means in- 
cludes a polymer chiral nematic liquid crystal con- 

35 figured as a film with less than full surface contact 
substrate support. 

5. An assembly as claimed in any one of the preceding 
Claims, wherein the polymer chiral nematic liquid 

40 crystal is supported through full surface contact with 
one or more substrates. 

6. An assembly as claimed in any one of the preceding 
claims, wherein the rear reflecting means (32) in- 

45 eludes a material which reverses the handedness 
of circular polarization of some portion of impinging 
light reflected from the circular polarizing means 
and which scavenges and returns to the circular po- 
larizing means light from the light source which ini- 

50 tially travelled in a direction away from the circular 
polarizing means. 

7. An assembly as claimed in a one of the preceding 
claims, wherein the rear reflecting means (32) in- 

55 eludes a metallic element. 

8. An assembly as claimed in any one of claims 5-7 
when dependent upon claim 4, wherein the polymer 
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chiral nematic liquid crystal film is designed with bi- 
refringence and notch bandwidth sufficient to circu- 
larly polarize and transmit the entire visible light 
spectrum. 

9. An assembly as claimed in claim 1 , further compris- 
ing a liquid crystal device (LCD), wherein substan- 
tially all radiation from the light source within the se- 
lected bandwidth is ultimately converted by the po- 
larizer to linearly polarized light which displays the 
liquid crystal device display image. 

1 0. An assembly as claimed in any one of the preceding 
claims, wherein the circular polarizing means com- 
prises a plurality of chiral nematic liquid crystal 
films. 



Patentanspruche 

1. Optische Anordnung (30), umfassend; 

eine Lichtquelle (12); 

eine Zirkularpolarisatoreinrichtung in dem opti- 
schen Weg in einer vorwarts orientierten ersten 
Richtung; 

eine ruckwartige Reflexionsein richtung (32), 
die in einer ruckwarts orientierten zweiten Rich- 
tung benachbart zu der Lichtquelle (12) ange- 
ordnet ist; 

eine Umwandlungseinrichtung (36) zum Um- 
wandeln von zirkular polarisierter Strahlung in 
linear polarisierte Strahlung direkt benachbart 
zu der Zirkularpolarisatoreinrichtung; 
eine Anzeigeeinrichtung benachbart zu der 
Umwandlungseinrichtung, urn linear polarisier- 
tes Licht in ein Direktblick-Anzeigebild umzu- 
wandeln, und eine Polarisation se in richtung 
(20) benachbart zu der Anzeigeeinrichtung, urn 
Strahlung zu absorbieren, die nicht zu dem Di- 
rektblick-Anzeigebild beitragt, dadurch ge- 
kennzeichnet, daG die Anordnung eine Direkt- 
blick-Anordnung ist und die Zirkularpolarisator- 
einrichtung einen chiralen nematischen Poly- 
mer-Flussigkristall mit einer Polarisations kerb- 
bandbreite umfaGt, die ausreichend ist, die 
Transmission von zirkular pola-risiertem Licht 
innerhalb eines 100 nm bis 250 nm breiten 
Bands zu erlauben. 

2. Anordnung nach Anspruch 1 , worin der chirale ne- 
matische Polymer-Flussigkristall Kombinationen 
von chiralen und nematischen Flussigkristallmono- 
meren umfaGt, die an aus der Methakrylat/Akrylat- 
klasse von Polymeren ausgewahlten Stutzstruktu- 
ren angebracht sind. 

3. Anordnung nach Anspruch 2, worin die Kombina- 



tionen Doppelbrechungseigenschaften von Cyano- 
tolan und (s)-(-)-1-Phenylethanol zeigen. 

4. Anordnung nach einem der vorangehenden An- 
s spruche, worin die Zirkularpolarisatoreinrichtung ei- 
nen chiralen nematischen Polymer-Flussig-kristall 
umfaBt, der als ein Film mit weniger als vollflachi- 
gem Kontakt zu einer Substrathatterung ausgebil- 
det ist. 

10 

5. Anordnung nach einem der vorangehenden An- 
spruche, worin der chirale nematische Polymer- 
Flussigkristall durch vollflachigen Kontakt mit ei- 
nem oder mehreren Substraten gehaltert ist. 

15 

6. Anordnung nach einem der vorangehenden An- 
spruche, worin die ruckwartige Reflexionsein rich- 
tung (32) ein Material umfafM, welches die Handig- 
kert von zirkularer Polarisatin eines Teils des auffal- 

20 lenden, von der Zirkularpolarisatoreinrichtung re- 
flektierten Lichts umkehrt und welche Licht von der 
Lichtquelle, das anfanglich in eine Richtung weg 
von der Zirkularpolarisatoreinrichtung verlief, aus- 
dunnt und zuruckwirft. 

25 

7. Anordnung nach einem der vorangehenden An- 
spruche, worin die ruckwartige Reflexionseinrich- 
tung (32) ein metallisches Element umfaGt. 

30 8. Anordnung nach einem der Anspruche 5 bis 7 in 
Verbindung mit Anspruch 4, worin der chirale ne- 
matische Polymer-Flussigkristallfilm mit einer Dop- 
pelbrechung und einer Kerbbandbreite ausgelegt 
ist, die ausreichend ist, um das gesamte Spektrum 
35 des sichtbaren Lichts zirkular zu polarisieren und 
zu transmittieren. 

9. Anordnung nach Anspruch 1 , ferner umfassend ei- 
ne Flussigkristallvorrichtung (LCD), worin im we- 

40 sentlichen alle Strahlung von der Lichtquelle inner- 
halb der ausgewahlten Bandbreite schlie3lich 
durch den Polarisator in linear polarisiertes Licht 
umgewandelt wird, welches das Flussigkristallvor- 
richtungsanzeigebild anzeigt. 

45 

10. Anordnung nach einem der vorangehenden An- 
spruche, worin die zirkulare Polarisatoreinrichtung 
eine Mehrzahl von chiralen nematischen FIGssigkri- 
stallfilmen umfaGt. 



Revendications 

1 . Ensemble optique (30) comprenant : une source lu- 
mineuse (12); un moyen de polarisation circulaire 
dans le trajet optique dans une premiere direction 
avant; un moyen de reflexion arriere (32) adjacent 
a la source lumineuse (12) dans une deuxieme di- 
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rection arrive; un moyen da conversion (36) pour 

^'rlerayonnementapolarisationcireulairVen 
rayonnernent a po, arisation ^ 

adjacent au moyen de polarisation circular un 
moyen de visua.isation adjacent au moyen de con 
version pour convertir la lumiere a polarisation .1- 
nea.re en une .mage de visualisation pour vision di- 
rects, etun moyen de polarisation (20, adjacTnt au 
moyen de visualisation pour absomer un rayonne 
ment ne ^ tribuam pas ft ^ JMJ» 

pour v s.on d,recte, caracterise en ce que I'ensem 
ble est un ensemble a vision directe, et en ce <T e 

inS 8 "-? 8 PO ' arisa,ion circu '^>e comprend un 
cr-stal ,K > u,de Polymere chiral nematique prSsentan" 

fisante pour permettre la transmission de lumiere a 
polansat.on crculaire dans las limi.es d'une bande 
d une largeur de 1 00 nm a 250 nm. 

Ensemble suivant la revendication 1, dans lequel le 

SJ*. P °' ym6re Chiral comprtd 
ch^TT r a ' SOnS de monom ^es de cristal Iiquide 
chiral et nemat.que fixes aux charpentes selection- 

Zr£?s * Ca,690n ' 9 methac ^acry,a,e des 
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que. 

8. 
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Ensemble su^ant Tune quelconque des revendica- 
fions s a 7 lorsque dependantes de .a revendication 
< dans lequel le film de cristal iiquide polymere chT 
ral nemat,que est concu avec une birefringence et 
une targeur de bande d'encoche suffisanies pou 
polanser de mani&re circulaire et transmettre tou 
le spectre de la lumiere visible. 

9. Ensemble suivant la revendication 1, comprenant 
en outre un dispositif & cristaux liquides (LCD) dems 
equal pratiquemen. tou, le rayonnernent de la so! I 
ce lum.neuse, dans les limites de la largeur de ban- 
da satecfionnee. est finalement convert parte Z 
tenseur en lumiere a polarisation lineaire qui lZ 
se I ,ma 9e de visualjsation du J - 



20 



10. Ensemble suivant I'une quelconque des revendica- 
.ons precedentes, dans leque. le moyen de potn- 
sat.on circulaire comprend une pluralite de films de 
cnstal Iiquide chiral nematique. 



4. 



les clh 6 SlWam ' a revendicati °n 2, dans lequel 
les comb,na,sons presentent des caracteristiques 

nylSoT" Cyan ° ,0 ' ane * dU «<-M 

Ensembte £uivan, rune quelconque des revendica- 
tions precedentes, dans lequel le moyen de polari- 
sat on crculaire comprend un cristal I liquida pSy' 
m6re ch lr al nematique configure sous b forme d'un 
film presentant un support de substrat don. le con- 
tact n est pas realise sur la totalite de la surface. 

Ensemble suivant Tune quelconque des revendica- 

Zr, r ? d r ntes ' dans ,equei ,e cristai 

"ymere chiral nematique est supports par contact 
surface" ° U P ' USieUrS SUbS,ratS SUf ^ iiKS 
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,t S o! 7™ ' UnS « ue,con <^ des revendica. 
tons precedentes, dans lequel le moyen de re- 
flexion amere (32) comprend un ma.eriau qui inver- 
se la symetne de la polarisation circulaire d'une ce - 
te.ne partie de la lumiere incidente reflechie a partir 
du moyen de polarisation circulaire et qui absorbe 
et rescue au moyen de polarisation circulaire laTu 
m*re de , a source lumineuse qui a I'origine se de- 
Placart dans une direction opposee au moyen de 
polarisation circulaire. 

7. Ensemble suivant I'une quelconque des revendica 
tons precedentes, dans leque? ,e moyen de 
flex,on arriere (32) comprend un element mVta I 
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